Some recent research has suggested that use of the passive voice in scientific writing has declined over the last few years. This study attempts to see to what extent that is true.
Introduction
Ever since Barber's seminal (1962) article there has been a steady stream of research into the use of the passive voice in scientific writing. In that article Barber found that, in his sample of scientific texts, 28% of the non-modal verb forms were in the passive voice, the most common form being the simple present passive which accounted for 25%. Since then the literature on the question of the use of the passive in scientific writing has assumed vast proportions. In this mass of literature some contributions have achieved classic status such as Tarone et al. 1981 , and its follow-up, Tarone et al. 1998 . Tarone et al. 1981 studies what might now be called a mini-corpus (Banks 2005a) of two astrophysics papers. The rate of passive use is shown to be lower than might have been expected. Active voice with a first person plural subject tends to be used when the authors wish to underline a personal contribution, while passive is used for established or standard procedures. Where a contrast is made, authors tend to use the active voice for their own work and the passive for the work of others. And authors use the passive for speculating on their own future work. Tarone et al. do however point out that these results may be specific to the subgenre of the astrophysics research article. When they returned to this question in 1998, Tarone et al. suggested that a pertinent difference between papers in astrophysics as opposed to many other (but not all) scientific fields, was that their rhetorical structure was that of logical argument rather than experimental report. Nevertheless, use of the passive has continued to be considered a significant resource in the writing of the scientific article. My own study of a corpus of papers in the field of oceanography (Banks 1994) , showed that passives accounted for just over 30% of the finite verbs, which corresponded fairly well to the sorts of frequencies that had been found in a number of previous studies.
The justification of the use of the passive has most frequently been laid at the door of the idea that scientific writing should be impersonal. Cooray's claim that the passive "helps the writer to maintain an air of scientific impersonality" (Cooray 1967, 207 ) is fairly typical. However, more recently, some have claimed (Halliday 1988 , Banks 2008a , 2008b ) that passive use in scientific writing is a question of thematic structure. The writer, wishing to highlight his object of study, or his experiment, rather than himself, as the starting point of his clause, places it in thematic position, that is, at the beginning of the clause. One of the most common ways (but not the only way) of doing this is by using the passive.
It is curious that although the passive has been a standard resource for scientific writers over many decades, style manuals and instructions to authors have frequently argued in favour of avoiding the passive. Bennett studied a range of academic style manuals, and found that there were "a great many authors that argue categorically in favour of the active voice" (2009, 49) . Minton (2015) , however, argues that while much of the opposition to the use of the passive is, in fact, opposition to inappropriate use of the passive, when appropriately used it has a perfectly justifiable place.
The passive voice is an intrinsic part of the English language and used appropriately to maintain the natural flow of writing and presentation of information, it is an essential feature of good writing. Its function is not to conceal or obfuscate, but to maintain stylistic patterns in the presentation of information that have established themselves for very valid reasons in the English language over centuries of usage (Minton 2015, 9) .
Moreover, some, whom one might have thought ought to know better, feel free to pontificate on scientific style. For example, in 2002, Sir Robert May, the then President of the Royal Society, in a letter to a publication intended for science teachers, fulminated against the use of the passive in scientific writing. He wrote:
At the risk of going over-the-top, I would put my own view so strongly as to say that, these days, use of the passive voice in a research paper is more often than not, the hallmark of second rate work (May 2002, 2) .
This was over the top indeed, since even a cursory glance at the papers published in the Royal Society's own journals shows that if he were correct much of what the Royal Society was publishing would have to be classed as "second rate"! Evidently competence in other fields does not necessarily give one competence in linguistic matters.
This having been said, some linguistic researchers, notably Seoane and her collaborators (Seoane & Loureiro-Porto 2005 , Seoane 2006 , Seoane & Williams 2006 , claim to have detected a relatively recent change, leading to a decrease in passive use in scientific writing. In Seoane and Loureiro-Porto 2005, the authors claim that "recent studies have shown that there is a dramatic decrease in the number of passives found in scientific British and American English in the 20 th century" (2005, 107) . They found that while the rate of passives (i.e. number of passives as a percentage of passivizable finite verbs) was relatively stable from the beginning of the twentieth century until the 1960s, there was thereafter a considerable decrease, which was "more dramatic in American English" (2005, 109) . Between the period 1960-75 and the period 1985-90, the rate of passive use fell from 66.4% to 58.7% of passivizable verbs for British English, and from 62.2% to 46.4% for American English. The authors consider the possibility that this change in passive use is part of a general trend towards colloquialization in scientific English. This, however, appears not to be the case since other markers of colloquialization have not changed in the same way, with the exception of first person pronouns, which can be directly related to the change in passive use. Seoane 2006 goes on to consider other possible explanations in addition to that of colloquialization. She considers and excludes the possibility that the change is due to a move towards a more subjective style, and the possibility that scientific discourse is becoming more personal and author-centred. She thinks that the drive to make scientific writing more effective is a more likely reason for the change. Similar points are put forward in Seoane and Williams 2006 , where scientific discourse is contrasted with prescriptive legal discourse. Hyland and Jiang (2017) approach the question from the other end of the telescope, as it were, by considering whether academic writing is becoming more informal. They find that use of first person pronouns has increased in academic writing in general and in scientific writing in particular, most notably in biology where the use of first person pronouns has risen from 10.9 per 10,000 words in 1965 to 34.1 per 10,000 words in 2015. This may well be related to changes in passive use. Increasing use of first person pronouns was also noted by Lafuente Millán 2010, who found that it varied by discipline, and suggested that it involves an effort to balance authorial claims and appropriate modesty. Harwood 2005 underlines the self-promotional function of the use of first person pronouns.
Since the passive has frequently been considered the hallmark of scientific writing, the changes reported in these studies, to the extent that they are true, are indeed significant. My own work (Banks 2008a) , on an admittedly small sample, indicated that at least until 1980 the rate of passives was maintained at over 30% of finite verbs, and that the use of first person pronouns had dwindled to almost nothing. It is therefore of interest to see to what extent these claims that use of the passive is decreasing are true. This paper is an attempt to provide a contribution to the discussion on this important question.
Corpus
The corpus I will use for this study is derived from the publications of the Royal Society. The corpus contains samples for the years 1985, 1995, 2005 and 2015. For the years 1985 and 1995, the texts used are taken from the Philosophical Transactions. In 1997 a decision was taken to move articles of primary research from the Philosophical Transactions to the Proceedings of the Royal Society; from then on the Philosophical Transactions would publish theme-based series of review articles and monographs on individual topics (Atkinson 1999 , Banks 2008a . Consequently the texts for 2005 and 2015 are taken from the Proceedings. However, the date of 1997 does not appear to have been a neat cut-off point and some of the articles that turn up in the pre-1997 part of the sample do have a state-of-the-art flavour. Nevertheless, I felt it invidious to alter the corpus post-factum and these articles have been retained in the corpus. The Philosophical Transactions and the Proceedings both produce an A Series and a B Series, the A Series dealing with mathematical, physical and engineering sciences, and the B Series with biological sciences. Four articles from the A Series, and four from the B Series were selected for each of the dates. The choice was made by chance, if not technically random, ease of access being a pragmatic criterion. The details of the corpus are given in Appendix 1.
No attempt has been made to distinguish between American and British varieties. In fact, with this corpus such an attempt would be fairly difficult. For the 32 articles in the corpus, there is a total of 105 authors or co-authors, five of whom give two institutional addresses, including one article which lists 31 co-authors, three of whom give two institutional addresses, in 10 different countries. While an institutional address in an English-speaking country is no guarantee that the author is a native-speaking anglophone, it can be noted that of the 110 institutional addresses given, 70 are in English-speaking countries, and 40 in non-English-speaking countries. Details are given in Appendix 2.
Overall results
The finite verbs have been classified into those that are active, but where a passive equivalent exists (Act), those that are passive (Pass), and those that are active in form, but where no passive equivalent exists (NP).
(1)The description of the development and structure of detonation waves provides a comprehensive illustration of all the dynamic effects of combustion presented here. (Oppenheim 1985) 1 (2)The spectra presented in Fig. 5 are believed to originate from single crystallites.
(Brus & Trautman 1995) (3)Secondly, the types of morphological characters used (metric/continuous or non-metric/meristic) vary widely among studies. (Hartl et al. 1995) Example (1) shows an active form which has a potential passive equivalent (cf. A comprehensive illustration ... was provided by the description ...); (2) is an example of a passive form; (3) is an example of the NP category, active in form with no passive equivalent (the clause has no component which could function as the potential subject in a putative passive form). The NP category is made up basically of intransitive verbs, including a large number of copulas. The decision as to whether a clause has an active/ passive equivalent might be thought to be to some extent subjective, but is, I think non-controversial. In Banks 2008a, I showed that articles in the physical sector, have developed at a different rate to those in the biological sector. For example, experimental articles occurred in the physical sector from the very beginning in 1665, whereas articles in the biological sector were initially observational, and experimental articles did not begin appearing until the mid-nineteenth century. In the late nineteenth century, the physical sector began to produce articles based on mathematical modelling rather than experiment, but this had not, at least up to 1980, begun to affect the biological sector. Consequently results for the physical sector, Series A articles, and the biological sector, Series B articles, will be given separately in this study. Nevertheless, it is probable that other feature distribution differences will be found in finer subgenre categories, and as Biber and Gray (2013) have warned, we should not underestimate the effects of subgenre differences. Table 1 gives the overall results for the two series at the four time points. Initially, the picture presented does not seem particularly clear. In the case of Series A, the percentages of active verbs are higher in the second half of the period, but the percentage falls between 2005 and 2015. In the case of Series B the percentage rises until 2005 but then falls back to a figure lower than that of 1995. It might be thought that the presence of the NP category (non-passivizable verbs) is obscuring the results, but this does not appear to be the case. Table 2 shows the results when the percentages are given of passivizable verbs only.
However, a factor that is a more likely candidate for obscuring the results is the fact that the sample includes a number of articles by single authors. In the A Series, this is the case of one article in 1985, two in 1995, two in 2005, and one in 2015; in Series B, it is the case of 2 articles in 1985 and one in 1995. When the single-authored papers are removed, the results shown in Table 3 emerge. It is also possible to look at the figures for the single-authored articles, but it should be noted that there are never more than two for any given series and year, and in three cases (A Series 1985 and 2015 , and B Series 1995 there is only one. In B Series 2005 and 2015 there are no single authored papers. The results are shown in Table 4 .
For Series A, the rate of active use is similar for the years 1985, 1995 and 2015, but the year 2005 stands out as being significantly different. The passive and nonpassivizable verb rates are similar for the years 1985 and 1995. By 2015 the rate of passives seems to have increased at the expense of non-passivizable verbs, with 2005 again being rather different. However, since the number of papers is here very small, one cannot exclude the possibilty that this is due to the individual styles of the authors concerned. For Series B, single authored articles only occur in the years 1985 and 1995, Use and non-use of first person pronoun subjects
It has frequently been claimed that the use of the passive in scientific discourse is a way of not mentioning the identity of the agent, and thus making the discourse more impersonal. According to Seoane "a basic function of the passive in scientific discourse ... is to defocus or suppress the agent in order to make the discourse impersonal" (2006, 201) . Hence, an increase in the use of actives at the expense of passives can be seen to "imply that authors are now not relegated but made central to scientific discourse" (2006, 201) . This means that if there has been a switch from passive verbs whose supposed agent is the author, to an active form, then one can presume that the active form will most usually occur with a first person pronoun subject. In Table 5 , active verbs with a first person pronoun subject (weA) (the count includes a small number of verbs with no passive equivalent and a small number of passives with a first person pronoun subject, but the numbers are so small that they do not alter the overall picture) are given as a percentage of passivizable verbs, and these are compared with the percentage of passive verbs whose supposed agent is the author or a group which includes the author (Pwe). Example (4) illustrates the weA category.
(4)Within the O. mucofloris sample (n = 18) we detected seven unique haplotypes of 507 bp observing no indels or stop codons (Glover et al. 2005 (Glover et al. , 2590 .
The Pwe category is fairly wide, ranging from examples where the supposed agent is clearly the author(s), such as (5), to those which are general but where the author(s) are presumed to be included, such as (6). (6)Computational models of the heart are increasingly used to improve our understanding of cardiac physiology, including the effect of specific genetic changes and animal models of disease (Land et al. 2015) .
In (5), obviously only the authors can organize their paper; in (6) it seems reasonable to suppose that the authors are included among those who increasingly use computational models of the heart.
Since it seems likely that this feature will be different in single authored papers as opposed to multi-author papers, and there is some evidence that single authors tend to avoid using first person pronouns (Lafuente Millán 2010), the results given here are those for multi-author papers only.
For Series A, it is possible to detect an increase in the use of active verbs with first person pronoun subjects, at least from 1995 onwards, rising from 14% of passivizable verbs in that year to 30% in 2015. The year 2015 is the only one in this sample where the weA type is more frequent than the Pwe type. Hence the evidence that we saw above for an increase in the use of active voice seems to be corroborated here by the increase in the use of first person pronoun subjects with those active verbs.
However, the same cannot be said of Series B. There is an increase between 1985 and 1995, but thereafter the rate remains relatively stable. Moreover, it will be noted that the frequency of the Pwe type is consistently higher than weA. Even in Series A, if passive verbs with a presumed author agent are considered as potential candidates for becoming active verbs with a first person pronoun subject, then even in 2015, only just over half of the potential has been taken up.
On the other hand, averages can sometimes be misleading. Saying that 30% of passivizable verbs are active with a first person pronoun subject in the Series A 2015 papers may give the impression that this is representative of the individual papers in that group. In fact, the average figure masks wide differences in individual papers. Of the three multi-author papers concerned here, the figures for individual articles are 17%, 18% and 61%. Hence, the average is greatly affected by a single high figure. It might be thought that this is placing too much weight on a single figure, but one might also hypothesize that this indicates that, for gatekeepers, the use or non-use of first person pronouns is not (or is no longer) a stylistic criterion. So, in other terms, whether authors thematize the scientific matter or the scientist no longer seems pertinent to those vetting the articles. For the 2015 Series B papers the range for individual papers is 9 to 26%. Ten years earlier, in 2005, our small sample turned up, for Series A, one article which had no examples of weA at all, the others having 31% and 32%. The range for the 2005 Series B articles was 8 to 33%.
As suggested above, single authors might be expected to write differently in this respect. This indeed appears to be the case, since for the Series A articles the percentage of passivizable verbs which are active with a first person pronoun subject, are never more than 2%, with one author not using this resource at all, and one significant exception. In the two articles by single authors which turn up in the 2005 sample 36% of the passivizable verbs are active with first person pronoun subjects (31% in one of the articles, 37% in the other). One factor which may be relevant is that, unlike most of the articles in the corpus, these two papers are mathematical in nature, so it is not impossible that subgenre differences have a part to play here (Biber & Gray 2013) , and may provide a possible explanation for the high rate of weA examples found in these two papers. Nevertheless, even allowing for exceptions, it does seem true to say that there is still high resistance to the use of first person pronouns in singleauthored papers.
Process type
It is possible that the relative use of passives and actives with first person pronoun subjects varies depending on the type of process involved. I have therefore analysed weA and Pwe examples according to the process type of the verb concerned. The process types I use are based on those defined in Systemic Functional Linguistics (Halliday 2014 ), which provides a framework which is particularly suitable for this type of analysis. I use a system of five process types (Banks 2005b (Banks , 2016 : material processes are actions or events of a physical nature; mental processes are events of a cerebral nature; these are frequently subdivided into cognitive (such as 'think'), affective (such as 'like'), and perception (such as 'see'); the majority of mental processes in academic articles are of the cognitive type (in the case of the scientific journal article, this will include, significantly, processes relating to mathematical calculation and computer analysis); relational processes link an entity to one of its characteristics, or to another entity; verbal processes are processes of communication; and existential processes state the existence of an entity. It is difficult to envisage a passive form for this final category and it will not concern us further here. O'Donnell et al. 2008 showed that there is a range of interpretations of process types, even among those using the Systemic Functional framework, from a more grammatical viewpoint to a more conceptual one. My own analysis is towards the conceptual pole of this cline. The following is an example of material process.
(7)Here, the hyomandibula is supported on a lateral buttress over the jugular vein ... (Brazeau & de Winter 2015) .
The following is an example of mental process.
(8)We can anticipate that FCS will re-emerge as a useful tool, especially in the area of coupled reaction and diffusion in the next few years (Birmingham et al. 1995) .
The following is an example of a process which to relates to mathematical calculation and is also encoded as mental process.
(9) Equation (2.6) is integrated using the linearly implicit spectral method of Fornberg & Driscoll (1999) which treats carefully the inherent stiffness due to high wavenumbers in the equation for the Fourier components (Johnson & Vilenski 2005) .
The following is an example of relational process.
(10)Gene regulatory networks and modules are central for the control and timing of organismal development (Bråte et al. 2015) .
And the following is an example of verbal process.
(11)It has been suggested that these differences will have a marked effect on biofilm permeability and any permeability-selective behaviour is likely to effect ecology ... (Birmingham et al. 1995) .
The percentage distribution of examples of the weA type according to the process concerned is given in Table 6 .
It is clear that of those active verbs with a first person pronoun that occur in Series A articles the vast majority are examples of mental process. Between 60% and 75% of the weA types are examples of mental processes depending on the year. It will be remembered that in this study this includes both prototypical mental processes such as "consider", "estimate", "believe" and "infer", as well as those which are more typically processes of mathematical calculation or computer analysis, such as "calculate", "analyse", "linearize" and "derive". There is no evidence of any real change over time, as the figure for 1985 is the same as that for 2015. On the other hand, weA types are very rarely material process, with the exception of 1995, where the raw figures are low in any case. The second most common type of process in the weA sample is verbal, and examples of this process type vary from 14 to 22% depending on the year. Relational processes are also extremely rare. These are mainly cases of "need" and "require", and the small number of non-passivizable cases have been included here, and these are mainly "have" and "be".
In Series B, the general trend is similar. Mental process is by far the largest category, though to a lesser extent than in Series A, ranging in this case from 54 to 66%. Material processes account for a slightly higher percentage than in Series A, though remaining relatively small, with the exception of 2005. Verbal process is again the second largest group, but providing greater variability from year to year, ranging from 6 to 29%. Another way of looking at this question is to consider, for each process type, where the presumed agent of the process is the author (or authors), or a group which includes him, what the chances are of it being encoded as an active with a first person pronoun subject. This can be calculated by taking the total number of weA and Pwe forms and dividing the total by the number of weA forms. In Table 7 , this is done for material mental and verbal processes in the multi-author papers in the Series A sample.
Thus, in 1985, there were 7 weA types and 387 Pwe types that were material process in the Series A sample. So, the chances of a weA type occurring is (7 + 387)/7. The result (rounded to the first decimal place) is 56.3. We can therefore say that in 1985 a mental process with the author as supposed agent in a Series A article would have a 1: 56.3 chance of being encoded in the weA form (i.e. for every 56.3 occurrences there is likely to be one weA form). For example, the authors of one article say the following.
(12)In §3 we describe and discuss our observations, first for free convection, then for mixed convection. (Chen et al. 1985) The chances of the authors making the decision to encode this in weA form rather than its Pwe alternative (as in (13) are one in 56.3.
(13)In §3 our observations are described and discussed first for free convection, then for mixed convection.
So, it can be seen that in 1985 the chances of a material process being in the weA form are very low, whereas the chances of mental and verbal processes being in the weA form are relatively high. The chances of a material process being in the weA form are greatly increased from 1995 onwards, being 1: 8.0 for that year, and rising to 1: 3.6 in 2015. On the other hand, the chances of mental and verbal processes being in the weA form change little over the period studied. Part of the explanation of this situation probably lies in the fact that overall there is a massive reduction in the use of material processes after 1995.
If one looks at multi-authored papers only, then in 1985, in the Series A articles, a weA or Pwe material process occurs on average once every 8.3 finite clauses, and once every 8.0 clauses in 1995. In 2005, however, the figure is once every 55.3 clauses, and once every 31.8 clauses in 2015. I would hypothesize that increasing use of mathematical modelling in the scientific article has led to a drastic reduction in the number of material processes being used. This then gives the impression of a shift to the use of mental processes. Scientific authors are more ready to use a first person pronoun subject with a mental or verbal process than with a material process, passive forms being preferred with material processes, but as overall numbers of material processes dwindle, the percentage of passive forms fall giving a corresponding rise in the percentages of mental and verbal processes. The situation for Series B papers seems fairly similar. The results for Series B are given in Table 8 .
Here, the only notable difference with the Series A papers is that rise in the chances of a weA material process occurring comes a little later in time. The chances are fairly low in 1985 and 1995, but much greater in 2005 and 2015. For mental and verbal processes there is little change over time, with slightly more variation than in the Series A articles.
In single-author papers, weA forms are used sparingly, with some striking individual exceptions. The details are given in Table 9 , but it must again be remembered that there are never more than two papers for any year, and sometimes only one. These figures are then given to complete the factual details about this small corpus, but it must be remembered that they are precisely that: facts about this corpus; and it would not be appropriate to attempt any extrapolation on the basis of these figures. At best they might provide working hypotheses to be tested by future research.
Since the figures here are so small, they have been given here as raw numbers rather than as percentages. To the extent that anything can be said on such a small sample, it can be noted that most single authors use very few weA forms. For the Series A papers, a total of six articles are concerned. Of these one in 1995 and one in 2015 use no weA forms at all. Of the others, three papers use them fairly modestly; one paper in each of the years 1985, 1995 and 2005 use five, four and 12 examples respectively. However, the one remaining paper from 2005 uses them relatively frequently, having 73 examples. In the Series B papers, only three articles are concerned, with five and 16 examples in 1985, and one in 1995. Hence it would seem that most single authors of papers are very reticent about using first person pronoun subjects, but that individual authors may take a different line and this is not seen as an impediment to publication by gatekeepers. The pronoun almost inevitably actually used is "we", frequently an inclusive "we". There are only five examples of the singular pronoun "I" in single-author papers in the whole corpus, and these occur in the two 1985 B Series articles.
Final remarks
On the basis of this small study, there does seem to be some evidence that the use of the active voice with first person pronoun subjects is increasing at the expense of passive forms. This change is however clearer in the Series A articles than in the Series B articles. In multi-authored papers, the use of weA forms is more common in mental processes than in material processes. Some commentators (e.g. Tarone et al. 1981) have suggested that use of the active form may be motivated by a desire to highlight a process as being a personal contribution. Intuitively mental processes might be seen as being more personal than material processes; only I can have my thoughts, but, in theory, anyone can repeat a physical action. I would hypothesize that as research articles become more a question of mathematical modelling and computer analysis, the overall numbers of material processes is diminishing, with a consequent rise in the proportion of mental processes, particularly those relating to calculation. Systemic Functional Linguistics provides an excellent tool for bringing out this aspect of scientific text. In particular, from the point of view of this study it provides a framework for the analysis of process types which has been adapted for the purposes of this paper. Since mental processes can be more easily encoded in the active form, because they are felt as somehow more personal, the percentage of active mental processes rises. Once again, however, this picture seems clearer in the case of Series A than that of Series B. This would seem to correspond to a general trend whereby changes in style occur first in the physical sciences, and are only adopted by the biological sciences at a later date (Banks 2008a) . In single-author papers, weA forms are, in general, used very rarely. However, they may be used fairly extensively by individual authors, and this seems acceptable to gatekeepers. Hence, I am suggesting that the perceived decrease in the use of passive forms, and consequent increase in the use of active forms with first person subjects, in Series A articles, is due to an increase in the use of mathematical modelling in the physical sector. The processes involved in mathematical modelling include significant numbers of mental processes which are more conducive to the use of active forms, than is the case with material processes. The use of mathematical modelling began to affect the Series B articles at a later date, and while there is evidence that Series B is following the same route as Series A, the situation is for the moment less clear.
This study has been carried out on a small sample. It is therefore presented with all the provisos that such a sample requires. Nevertheless the picture which seems to be emerging is compatible with the available evidence. It would nonetheless merit confirmation in a larger corpus. We have seen that there are differences between the Series A articles and the Series B articles. I would expect further differences to be revealed by studies on finer generic differences between disciplines and sub-disciplines, and on disciplines not represented here, such as medicine. It might also be useful in future studies to distinguish processes of mathematical calculation and computer analysis from other forms of mental process. 
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